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Ab s t r Ac t
A cross-sectional study was conducted (2018–2019) on randomly selected 70 rural adult females, visiting Community Health Centre, Harike 
Pattan, district Tarn Taran, Punjab, India. The respondents were interviewed for their sociodemographic profile such as age, education level, 
and socioeconomic status. Simultaneously, anthropometric parameters, namely, height and weight were recorded; body mass index (BMI) was 
calculated and obtained data were subjected to t-test and figures were expressed in terms of Mean ± SD. The respondents were categorized 
according to their BMI categories. Subsequently, blood samples of all the respondents were taken for biochemical parameters such as serum 
calcium, serum phosphorus, and serum uric acid by cresolphthalein complexone, ammonium molybdate, and enzymatic methods, respectively, 
to determine their bone health status. The prevalence of obesity, hypocalcemia, and hyperuricemia was presented in terms of percentage. 
On the basis of findings obtained on anthropometric parameters, obesity was prevalent among 10% of the respondents. For biochemical 
parameters, it was observed that hypocalcemia was prevalent among 70% of respondents. Further, serum uric acid of respondents ranged 
from 3.9 to 8.2 mg/dl and 58.6% of the total respondents had hyperuricemia. On the whole, above findings revealed poor anthropometric and 
bone health status of rural adult females at border belt of Indian Punjab.
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In t r o d u c t I o n
The prevalence of obesity among Indians has been increased 
at quite fast-paced trend and it was also noted as more than the 
global average.[1] Further, it is projected that by the year 2040, the 
prevalence of overweight and obesity will be reached to 27.4 and 
13.9%, respectively, among Indian women aged between 20 and 69 
years.[2] Specifically in rural India, this prevalence is estimated to be 
>20% by the year 2030 among adult women.[3] Poor socioeconomic 
status is considered as one of the contributory factors in developing 
obesity among rural adult women with state-level variations.[4,5]
Calcium, an important cation involved in various biological 
processes including blood clotting, cardiac rhythm, muscle 
contraction, and neurotransmission in human body, is also an 
evitable mineral for bone development and maintenance through 
aiding bone mineral density.[6,7] This nutrient is a key component in 
bone health as approximately 30–35% of bone mass is consisted 
of calcium. Deficiency of calcium in the form of hypocalcemia has 
been affecting adult population worldwide, especially women 
aged above 30 years. Reference range for serum calcium is 8.5–
10.5 mg/dl and serum calcium level below 8.5 mg/dl is known as 
hypocalcemia.[8] Etiology of hypocalcemia is attributed to deficit 
supply and lower absorption of dietary calcium in adult women as 
requirements for the mineral increase after the age of 18 years due 
to reduction in the micronutrient used to cope up the physiological 
changes take place during pregnancy, lactation, and till the age of 
menopause in women.[9]
The prevalence of hyperuricemia has been increasing in 
developing countries over the past two decades. Hyperuricemia is 
a condition characterized by elevated serum uric acid level above 
the normal range of 2–6 mg/dl which leads to serious complications 
such as gout if subsequent deposition of uric acid is there in joints. 
Uric acid is the resultant product from endogenous, that is, daily 
synthesis of 300–400 mg in human body and exogenous sources 
in the form of diet rich in purines as well.[10] Thus, imbalanced diet 
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can be a contributory factor for elevated serum uric acid level 
among individuals.
Studies on the prevalence of hypocalcemia among adult 
Indian females with other diseases such as diabetes and 
cardiovascular diseases are abundant but literature related to the 
prevalence of hypocalcemia and hyperuricemia among normal 
adult women in India still remains scarce. Therefore, the present 
cross-sectional study was planned to find out the prevalence of 
obesity, hypocalcemia, and hyperuricemia among rural adult 
females in border belt of Indian Punjab. Thus, required strategic 
interventions to improve bioaccessibility of iron in adolescent 
girls can be planned to strengthen health and nutritional status of 
prospective mothers.
Objectives
The objectives of the study were as follows:
1. To record sociodemographic profile of rural adult females
2. To assess anthropometric and bone health status of rural 
adult females
3. To find out the prevalence of obesity, hypocalcemia, and 
hyperuricemia among rural adult females.
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MAt e r I A l s A n d Me t h o d s
Study Design
A total number of 70 rural adult females visiting community 
health center, Harike Pattan, a village in Tarn Taran district (a 
North Western district in Majha Region of Indian Punjab, known 
as border belt attached to Pakistan) were selected by employing 
simple random sampling design.
Sociodemographic Profile
Sociodemographic factors of rural adult females were recorded 
as age, education, and per capita income by interview method 
through recording the responses on predesigned interview 
schedule.
Anthropometric Measurements
Height (cm.) and weight (kg.) of rural adult females were 
recorded through following standard methods by stadiometer 
(24 SM) and digital weighing balance, correspondingly. 
Obtained data on above parameters were compared with the 
reference values[11] and also used to calculate body mass index 
(BMI) of the respondents. Besides, the prevalence of obesity 
was determined by categorizing them [Table  1] according to 
the classification of BMI.[12] The following formulae were used 
to calculate BMI to assess the proportionality of physique of the 
respondents.
Bone Health Status
Blood samples of the respondents were taken for biochemical 
parameter. Drawn blood samples were subjected to biochemical 
analysis by applying standard procedures. Elaborately, serum 
calcium, serum phosphorus, and serum uric acid were analyzed 
by cresolphthalein complexone, ammonium molybdate, and 
enzymatic methods, respectively, to determine bone health status 
of the respondents.
Statistical Analysis
Sociodemographic profile and prevalence of obesity, 
hypocalcemia, hypophosphoremia, and hyperuricemia-related 
data have been expressed in percentages. Data on anthropometric 
and bone health status of rural adult females were subjected to 
t-test and were expressed in terms of Mean ± SD using the software 
GraphPad Prism, version 5.01.[13]
Ethical Considerations
The study was ethically approved by Scientific Advisory Committee 
(December, 2017) of Krishi Vigyan Kendra (Agriculture Science 
Centre), Tarn Taran, working under the aegis of Guru Angad Dev 
Veterinary and Animal Sciences University, Ludhiana, Punjab, 
India, and Indian Council of Agricultural Research, New Delhi, 
India. Further, approval from Community Health Centre, Harike 
Pattan was obtained. Moreover, written consent of the study 
participants was also taken after explaining the significance and 
entire procedure of the study.
re s u lts
Sociodemographic Profile of Rural Adult Females
Sociodemographic profile of the respondents is presented in 
Table 2. These rural adult females aged between 21 and 66 years. 
Majority (31.5 and 25.7%) of the respondents were in the age 
groups of 31–40 and 41–50 years, respectively. Data on education 
level depict that 27.1% of total respondents were illiterate, 
whereas 32.9 and 28.6% were educated below matriculation and 
completed matriculation, respectively. Only few (11.4%) received 
education after matriculation. With regard to per capita income, 
68.6% of respondents belonged to low-income strata with per 
capita income up to INR 5000/- (US $ 78), while 17.1 and 14.3% had 
INR 5000–10,000/- (US $ 78–156.0) and INR >10,000/- (>US $ 156.0) 
of per capita income, respectively.
Anthropometric Measurements of Rural Adult Females
The mean height of rural adult females was recorded as 154.3 ± 
6.2 cm with reported range of 142–169 cm. Further, weight of 
respondents ranged from 33 to 90 kg with mean weight of 58.7 ± 
11.2 kg [Table 3].
Besides, mean BMI of the respondents was 24.7 ± 4.6 kg/m2 
and the lowest and the highest figures were reported as 12.5 and 
Table 1: Classification of body mass index (WHO, 2004)
Classification BMI (Kg/m²) principal cutoff points
Underweight <18.50
Normal 18.50–24.99
Overweight ≥25.00
Pre-obese 25.00–29.99
Obese ≥30.00
BMI (kg/ m2) = Weight (kg)/Height (m)2. BMI: Body mass index
Table 2: Sociodemographic profile of rural adult females
Variable Frequency (n=70) Percentage
Age (years)
21–30 15 21.4
31–40 22 31.5
41–50 18 25.7
51–60 11 15.7
>60 4 5.7
Education level
Illiterate 19 27.1
Up to matriculation 23 32.9
Secondary school 20 28.6
Post-secondary degree/diploma 8 11.4
Per capita income (INR)
INR <5000/- 48 68.6
INR 5000–10,000/- 12 17.1
INR >10,000/- 10 14.3
Table 3: Anthropometric measurements of rural adult females
Parameters Range Mean±SD Reference range
Height (cm) 142–169 154.3±6.2 161*
Weight (kg) 33–90 58.7±11.2 55*
BMI (kg/m2) 12.5–36.6 24.7±4.6 18.50–24.99**
*ICMR 2010; **WHO 2004. BMI: Body mass index
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36.6 kg/m2, respectively. The findings showed that 5.7, 48.6, 2.9, 
32.9, and 10% of total rural adult females were categorized as 
underweight, normal, overweight, pre-obese, and obese, 
respectively [Figure 1].
Bone Health of Rural Adult Females
Figure 2 represents the findings related to biochemical parameters 
of the respondents. Broadly, mean figures for serum calcium, 
phosphorus, and uric acid level were reported as 8.25 ± 0.62, 2.95 
± 0.42, and 6.11 ± 1.19, with maximum and minimum values of 
biochemical parameters as 9.7 and 6.3; 4.6 and 2.05; and 8.2 and 
3.9 mg/dl, in above order.
Prevalence of Hypocalcemia, Hypophosphoremia, and 
Hyperuricemia among Rural Adult Females
Although quite less variations in bone health parameters were 
identified among the respondents at individual level, 70 and 11.4% 
of rural adult females had serum calcium and phosphorus levels 
below the minimum reference value, depicts pervasiveness of 
hypocalcemia and hypophosphoremia [Figure  3]. Hyperuricemia 
was prevalent among 58.6% of the total respondents. The present 
study portrays an awful picture of overall bone health status for 
rural adult female at border belt villages of Punjab.
dI s c u s s I o n
The current study attests a high enormity of hypocalcemia along 
with hyperuricemia among rural adult females belonged to poor 
sociodemographic profile, along with poor anthropometric status. 
With regard to sociodemographic characteristics, a study conducted 
on 224 females aged between 20 and 49 years in New Delhi aimed 
at assessing their serum calcium level reported that the mean age of 
the respondents was 37 years and 33% of them belonged to upper 
socioeconomic status.[14] Age-related findings during the present 
study were in accordance with the above-mentioned investigation 
and an another study which reported majority of the adult females 
between the age of 40 and 55 years in Jharkhand, India,[15] while, 
during the present study, majority (68.6%) of the adult females were 
from poor socioeconomic status. A high prevalence of low bone 
mineral density among adult women aged between 18 and 36 years, 
from low socioeconomic status in Bangladesh,[16] these results were 
in accordance with the findings of the present investigation. Further, 
it was concluded that socioeconomic status has no significant 
(P > 0.01) on serum calcium level of adult females in Tamil Nadu, 
India.[17] It is also noteworthy that subjects in the present study 
represent the rural masses, whereas most (86%) of the subjects in 
the previous study were residing in urban settings. The prevalence 
of hypocalcemia is affected by educational level among masses as 
knowledge regarding dietary sources and enhancing absorption of 
calcium, is directly associated with increased educational level,[17] 
while results of the current study do not advocate the above 
statement as there is no significant (P > 0.05) difference which was 
observed in the serum calcium level of adult rural females with 
regard to their education level.
With regard to the prevalence of obesity among rural adult 
females, 32.9 and 10% of the total subjects were found pre-
obese and obese, respectively, in the present investigation. These 
findings were close to the prevalence figures (47.8%) of obesity 
among adult Pakistani women.[18] During a study, the reported BMI 
among non-obese and obese females was 23.45 and 35.81 kg/m2, 
respectively, for Indian population.[19] While reporting an inverse 
relationship between serum calcium level and BMI of the women, 
the authors stated that serum calcium level was decreased with 
increased BMI and the correlation was significant at 1 and 5% level 
Figure 1: Distribution of rural adult females according to body mass 
index
Figure 2: Serum calcium, phosphorus, and uric acid levels of rural 
adult females
Figure 3: Prevalence of hypocalcemia, hypophosphoremia, and 
hyperuricemia among rural adult females
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among same study group, respectively.[20] In contrast to this, the 
findings of the previous study[19] reflected significantly (P < 0.01) 
increased serum calcium level among obese female participants 
aged 25–50 years in Maharashtra, India.
Although studies on Vitamin D deficiency are there for 
Punjabi adult females, no investigation on calcium deficiency 
among Punjabi women in North-West Punjab of India has been 
conducted so far.[21] Results of the present study (i.e., mean calcium 
level 8.25 mg/dl) are in agreement with the findings in which the 
investigators stated that 65% of adult females (aged from 21 to 
50 years) with mean serum calcium level of 7.25 mg/dl in Meerut, 
Uttar Pradesh, India, were suffering from hypocalcemia.[22] Mean 
serum calcium and phosphorus level were 9.18 and 4.93 mg/dl 
among adult females in Tamil Nadu, India.[17]
Furthermore, serum calcium level was observed in the range 
of 7.1–8.3 mg/dl in the women aged between 40 and 75 years at 
Jharkhand State, India.[15] On the contrary, mean figures for above-
mentioned parameters were observed as 7.25 and 3.99 mg/dl, 
respectively.[22] Further, the mean serum calcium level as 8.47 mg/dl 
in postmenopausal women at and 21.6 and 76.66% of total subjects 
was in the stage of osteopenia and osteoporosis, correspondingly.[23]
In the current study, extent of the prevalence of hyperuricemia 
was quite high, that is, 37.5% among rural adult females. A 
cross-sectional study on 167 women in Karachi, Pakistan, was 
conducted[18] and the findings revealed that the prevalence of 
hyperuricemia was 17.9% with mean uric acid level of 5.57 mg/dl 
among adult Pakistani women. Thus, after scrutinizing the results 
of the present and preceding studies, it is quite distressing to know 
about the scary picture for bone health status of women in rural 
areas of developing nations.
co n c lu s I o n s
Convincingly, findings of the present study reflected a high 
prevalence of hypocalcemia and hyperuricemia among rural adult 
females in border belt villages of Indian Punjab. These types of 
bone health conditions further lead to awful health conditions 
such as osteoporosis and gout. The present study indicates the 
need to conduct studies focused on bone health status through 
assessment of hypercalcemia and hyperuricemia and their 
associated factors among rural adult females to check this menace 
in developing countries.
Ac k n ow l e d g M e n ts
The researchers are grateful to study respondents from nearby 
villages of Harike Pattan, District – Tarn Taran for their valuable 
cooperation. Special thanks to Medical Officer (Incharge) and staff, 
Community Health Center, Harike Pattan, District – Tarn Taran for 
providing guidance regarding assessment of serum calcium, serum 
phosphorus, and serum uric acid levels. Further, we acknowledge 
the valuable services of Laboratory Technicians at Singh Clinical 
Laboratory, X-ray and E. C. G. Centre, Patti, Tarn Taran, for blood 
analysis of rural adult females.
re f e r e n c e s
1. International Institute for Population Sciences. National Family Health 
Survey (NFHS-4) 2015-16. India: International Institute for Population 
Sciences; 2017.
2. Luhar S, Timaeus IM, Jones R, Cunningham S, Patel SA, Kinra S, et al. 
Forecasting the prevalence of overweight and obesity in India to 
2040. PLoS One. 2020;15:e0229438.
3. Swain S, Chowdhury S. Trends of nutraceutical status among rural 
adults in six states of India: Findings from national survey data. Clin 
Epidemiol Glob Health 2018;6:181-7.
4. Luhar S, Mallinson PA, Clarke L, Kinra S. Trends in the socioeconomic 
patterning of overweight/obesity in India: A repeated cross-sectional 
study using nationally representative data. BMJ Open 2018;8:e023935.
5. Luhar S, Alice P, Mallinson C, Clarke L, Kinra S. Do trends in the 
prevalence of overweight by socioeconomic position differ between 
India’s most and least economically developed states? BMC Public 
Health 2019;19:1-12.
6. Putney JW. Recent breakthroughs in molecular mechanisms of 
capacitive calcium entry. Cell Calcium 2007;42:103-10.
7. Uusi-Rasi K, Karkkainen MU, Lamberg-Allardt CJ. Calcium intake 
in health maintenance-a systematic review. Food Nutr Res 
2013;57:21082.
8. Minisola S, Pepe J, Piemonte S, Cipriani C. The diagnosis and 
management of hypercalcaemia. BMJ 2015;350:h2723.
9. Almaghamsi A, Almalki MH, Buhary BM. Hypocalcemia in pregnancy: 
A clinical review update. Oman Med J 2018;33:453-62.
10. Benn CL, Dua P, Gurrell R, Loudon P, Pike A, Storer RI, et al. Physiology of 
hyperuricemia and urate-lowering treatments. Front Med Rheumatol 
2018;5:160.
11. Indian Council of Medical Research. Nutrient Requirements and 
Recommended Dietary Allowances for Indians. Hyderabad: National 
Institute of Nutrition; 2010.
12. World Health Organization. Appropriate body mass index for Asian 
population and its intervention for policy and intervention strategies. 
Expert consultation. Lancet 2004;363:157-63.
13. INR. GraphPad Prism Software (Version 5.01 for Windows). San Diego 
California, USA: INR;  2018.
14. Sofi NY, Jain M, Kapil U, Seenu V, Ramakrishnan L, Yadav CP, et al. Status 
of serum Vitamin D and calcium levels in women of reproductive 
age in national capital territory of India. Indian J Endocrinol Metab 
2017;21:31-733.
15. Kumari A, Kumari V, Kumar R, Rekha K. Study of serum calcium level in 
pre and post menopausal women of Jamshedpur, Jharkhand. Int J Sci 
Stud 2018;6:18-20.
16. Islam MZ, Karkkainen M, Lamberg-Allardt C. Dietary calcium intake 
in young Bangladeshi female garment factory workers: Associations 
with serum parathyroid hormone concentrations. Am J Clin Nutr 
2013;5:8-17.
17. Kiran B, Prema A, Thilagavathi R, Rani RJ. Serum 25-hydroxy Vitamin D, 
calcium, phosphorus and alkaline phosphatase levels in healthy 
adults above the age of 20 living in Potheri village of Kancheepuram 
district, Tamil Nadu. J Appl Pharm Sci 2014;4:30-4.
18. Raja S, Kumar A, Aahooja RD, Thakuria U, Ochani S, Shaukat  F. 
Frequency of hyperuricemia and its risk factors in the adult 
population. Cureus 2019;11:e4198.
19. Aghade SM, Rajan PS. Assessment of serum calcium level in obesity in 
Indian population. Int J Biochem 2017;4:36-9.
20. Andretta A, Schieferdecker MM, Petterle RR, Paiva ED, Boguszewski A. 
Relations between serum magnesium and calcium levels and body 
composition and metabolic parameters in women with fibromyalgia. 
Adv Rheumatol 2020;60:18.
21. Bachhel R, Singh NR, Sidhu JS. Prevalence of Vitamin D deficiency in 
North-West Punjab population: A cross-sectional study. Int J Appl 
Basic Med Res 2015;5:7-11.
22. Bashir M, Gupta BK, Naushad O, Chandra N, Gupta A. Comparison of 
calcium, phosphorus and 25 (OH) D2 levels in sedentary and labourer 
females. Ann Clin Lab Res 2019;7:289.
23. Himabindu PH. Study on the prevalence of osteoporosis and the 
association between the serum calcium levels and the bone mineral 
density levels in post menopausal women. Int J Contemp Med Res 
2019;6:I1-13.
